Abstract. The software of geographical information system for studying the Earth's natural disasters (GIS-ENDDB), focused on the research into the causeand-effect relations of catastrophic events in the history of our planet, contains data on seismic activity of the Earth, heat flows, detailed relief, and anomalies of the gravitational field as well as on the distribution of cosmogenic structures. The methods of analyzing these data are constantly being developed. All the above-said is necessary for the formulation and solution of many new geotectonic and geomorphological problems. For example, to confirm diagnostic morphological features of astroblems based on the facts (according to "Earth's impact structures Catalog"); to reveal patterns of seismogenic structures (according to seismological catalogs); to detect and to confirm structures of complex multistage Genesis such as the impactmagnetic, impact-tectonic (according to the entire range of data). Among the latest updates into the subsystems of information and mathematical software, there are functions of visualization of geophysical fields, the 3D visualization of the seismicity characteristics, and, also, the text and graphic data of geological and geophysical observations (tectonomagnetic, petrological, etc.) designed for a seismic prototype GIS-EEDB (the Expert Earthquake Database).
Geoinformation technology used in the ENDDB system
The program GIS-ENDDB [1] [2] [3] is the result of combining geographical information systems for the analysis of the Impact catalog data [4] [5] [6] and seismological data, contained by now in more than 60 earthquake catalogs [1, 7, 8] . The resulting system allows users (non-programmers) communicating with a computer to formulate and solve their own intellectual tasks. The methodological basis of the research is the methods of physicalmathematical analysis, the GIS-methods (mapping, development of geographical information systems, geo-information modeling, etc.), different approaches to the interpretation of the data. • , the color zones 1, 2, . . . , 6 correspond to the upper value of E = 45·10
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The methods of physical-mathematical analysis are the main principles of the theory of probability and mathematical statistics, the physical laws of the destruction of environment continuity, other achievements of Russian and foreign authors in the research subject area [9, 10] , etc. Methods of graphical and spatial-temporal analysis of the main characteristics of seismic and geodynamic processes [7, 8] inherited from the analysis subsystem of GIS-EEDB and supplemented by the functions of calculating their distribution in the cross-sections along the multi-directional profiles designated by the user thus allowing to obtain the multi-dimensional data visualization ( Figure 1 ).
In addition, in the GIS-ENDDB environment the algorithms of detecting the events groups of the spatial and spatial-temporal range: aftershocks, swarms, scattering ellipses, clusters, chains, lineaments are being developed [8, [11] [12] [13] .
All these updates help to extend the classical methods of geotectonic studies by a complex scientific-experimental approach allowing one to select tectonically active borders and faults, to study the spatial relationship of seismicity and cosmogenic paleo-structures (related to the historical past of the Earth) and, eventually, to interpret the data in terms of constructing seismic-geodynamic models of the lithosphere. For example, a comparison of results of formalized calculation lineaments with maps of real geophysical manifestations allow the identification of objective characteristics of seismic and geodynamic processes (in particular, the earthquake preparation), and in a larger scale --to put forward models of the global development of tectonogenic processes. That is to say, along with applications to solve fundamental problems of geodynamics, enriching our knowledge about the structure and dynamics of the geological-geophysical environment, reflected in the digital topographic and geophysical models, as well as in geological data. The latter are the geographical and geological-geophysical filling in the GIS-ENDDB system, which is also constantly developing.
For example, the algorithmic extension of ENDDB for conversion (transformation) of the original model of the gravitational field [2, 3] has been recently added in order to diminish the topography influence, as well as to identify the regional component of the gravitational field, which may reflect the mantle heterogeneities (according to [14] ), and determine the basic underlying tectonogenic structures.
To divide the field into the regional and local components, the variations method or the Andreev-Griffin approach using the circular smoothing is used:
where ∆U (R) is the average value of a field U on a circle of radius R specified by the user. The point with zero coordinates U (0) is the value of the field in the middle of a sliding window. The average value ∆U (R) reflects regional anomalies, and its subtraction from the observed values at the center of the circle results in a local anomaly.
To construct the shadow (with side illumination) geo-model of a heat flow (HF) into the GIS-ENDDB, the HF measurements of the North Dakota State University [15] available in open access were incorporated. We translated these measurements into a regular grid using the Global Mapper tools, forming a digital model based on the linear interpolation. To this field the transformation function of the original field conversion can be also applied. In the case of the thermal field, this procedure allows us to smooth out local inhomogeneities caused by radioactive inclusions and some other factors of the local heterogeneity of rocks.
Methods of diagnosis of tectonic structures by the GIS-ENDDB means are in selecting an optimum foreshortening of an image, or parameters of the illumination ray and the shadow depth as well as in selecting optimal averaging values (if smoothing is necessary). This procedure allows us to obtain the most precise and informative three-dimensional images of a relief, gravity, heat flow and to gather data for establishing standard morphostructural elements of the ring and linear structures of cosmic and endogenous origin.
The lineament construction algorithm is also of great importance in our studies, with which earlier [13] we detected the central-oriented transform lineaments system of Central Asia (Figure 2c below) on the temporal interval of 2250 years. Using the GIS-ENDDB means, let us here consider the center of this system, which is a special geodynamic region called the Pamir Hindu Kush seismofocal (PHKS) zone.
The Pamir Hindu Kush seismic zone
First, at the point of cross-shape convergence of regional linear faults (Figure 2c) , the multi-ring structure with diameter of 150 km to 300 km can be detected. This structure is independently detected according to the relief (including the satellite imagery ITRIS: http://labmpg.sscc.ru/impact/ a1396.html), as well as to the map of gravity anomalies (see Figures 2a  and 2b ). One may note the structural similarities of the multi-ring positive gravity anomaly above the PHKS zone with observations above the impact ; top: the λ-shape profile of the total seismic energy in the epicenter zone of Klyuchevskoy's volcanoes group (according to the GS RAS local catalog data: H max = 500 km, the subduction boundary is identified according to NEIC: M ≥ 4), and λ-shape seismic profile in the intersection area of the Philippines, the Okhotsk, the Pacific and the Eurasian plates (JMA: H max = 700 km, up to 1990 [16] , plate boundaries are indicated by thick lines); c) the lineaments system [13] ; d) the deep circular lineament; e) a multi-ring gravity anomaly of the PHKS zone distorted by the collision (whose direction is indicated by the arrow). A white oval on (a) and asterisks on (c) and (e) mark the PHKS area of deep seismicity with H ≥ 200 km. The maps of gravity anomalies above the proven impact structures: f) "Vredefort" (D = 140-250 km, 2.023 Ma); g) "Chicxulub" (D = 180 km, 65.2 Ma) structures (for example, above the reliably established ones: "Vredefort" D = 140-250 km, 2.023 Ma; "Chicxulub" D = 180 km, 65.2 Ma; "Manicouagan" D = 100 km, 210 Ma) (see Figures 2f and 2g ), but the shape of the above anomaly is more elongated and distorted by subsequent collisional processes (see Figure 2e) . The center of this anomaly is slightly offset to the NE from the epicenter of deep seismicity cluster (see Figure 2e) , where the deep circular lineament with D 60 km (see Figure 2d) is revealed by the lineament construction procedure on a local scale.
It is known that the seismic focal PHKS zone is quite unique in the world deep narrow localized region in the continental conditions, where without apparent correspondence in the regional geological structure [17] , more than 2000 earthquakes a year occur. A maximum earthquakes density is attained at depths of 200-250 km (see Figure 2d ), in which ever recorded (since 958 according to the SIGN catalog), more than 60% of the PHKS zone strongest events (M ≥ 7) occur.
The nearly radial shape (see Figure 2c ) of the junction of seismic lineaments in the PHKS zone (on the plan), and λ-shape configuration of the distribution of depth seismicity (in cross-section) (see Figure 2b ) are similar to the pattern observed at the junction point of the four plates: the Philippine, the Pacific, the Okhotsk-sea and the Eurasian, where the so-called "seismic nail" [16, 18] exists (see Figure 2b , top, the right inset). Let us note that a similar λ-shape configuration of the depth distribution is observed in terms of weak seismicity and localized in the focal zone of Klyuchevskoy's volcanoes group (see Figure 2b , top, the left inset).
According to the GIS-ENDDB digital models of the heat flow, the increased anomalies in the thermal field (up to 276 mW/m 2 ) confined to the Pamir-Hindu Kush region are detected, which enhances the similarity of this zone to the above-mentioned junction of the four plates in the area of the West Pacific subduction, where there is an anomaly (D ∼ 200 km) up to 475 mW/m 2 . The comparison of HF map with the PHKS zone seismicity shows the coincidence of this anomaly with the top of the deep seismic swarm extending from this point to the west-south-westerly direction, moving deep along the profile AB at an angle of ∼ 25 • to the horizontal (see Figure 2b) .
The spatial distribution of the mechanisms of deep seismic sources (with H ≥ 100 km) shows ( Figure 3 ) the preponderance of the upthrow mechanism in the PHKS zone, which sharply distinguishes the character of the movements of this zone from the area to the north-east (see Figure 3a) . The predominance in the PHKS zone of the "seismotectonic deformations of near vertical uniaxial elongation" [18] suggests the presence in the area of a deep channel of material addition, which causes an active increase in the volume of rocks ("thrust"). At the same time, there is similarity in the types of earthquakes deformation of the PHKS focal depth with the sources of some modern eruptions of unknown nature (as, for example, Krafla and Bar∂arbunga in Iceland [17] ). Figure 3 . A distribution of the deep focal mechanisms (H ≥ 100 km, NEIC catalog) in the Pamir Hindu Kush seismofocal zone: a) on a background of the gravity anomalies; b) the time distribution of the parameters: Slip, i.e. angle value between the fault plane stretch and the shift vector (1 --the whole Slips, 2 --the average one at the 2-year intervals); the relative amount (%) of different mechanism types (3) (color A is the reverse faults, B is the discharges, C is the shifts), the mixed mechanisms are counted in both groups; the total number of mechanisms definitions (4), and the relative amount (%) of the reverse type mechanisms (5) Thus, despite the uniqueness of the PHKS zone, many of its characteristic features are found in other geodynamic areas: in the proven impactmagmatic structures, areas of volcanic activity, and even in subduction zones. This makes it possible to speak about a possible seismotectonic control of the activity of these areas by the deep mantle processes, i.e., by the activity of a possible deep mantle focus, calling "the accumulation in the upper mantle of the viscoelastic stresses and strains passed then to the seismogenic faults" [19] . In other words, we identified features (see, also, [2, 16, 18] ) indicating to a tectonic control of regional seismicity, not only by the long-living deep faults but, also, by the focal depth source, i.e. by both linear and point deep structures.
Let us remind that earlier, a well-known Japanese seismologist Prof. K. Mogi [10] noted the determining role of deep seismic events in subduction zones: crustal earthquakes are preceded by an increase in deep seismic activity, and a strong shock occurs after the activation at a depth. Usually, when studying the effect of local mantle processes on the crustal seismic-ity and on the formation of circular relief shapes, the underlying causes of these processes are supposed to be a rise of the asthenosphere or a flow of fluids from the Earth's core, creating a vertical "tectonogens" (in terms of [20] ). This mechanism of the formation is assumed to be endogenous both for "seismic nails" and for diatremes, volcanoes, dome-shape surface elevations, etc. These hypotheses are also confirmed for the Pamir Hindu Kush zone by analogy of its elements with the above listed structures. However, a number of questions still remains without explanation within the endogenous hypothesis: "what causes the tectonogens and determines their place; why are they often inclined but not vertical; why is there an energy concentration in a relatively narrow band? --There are no answers" [20] . It is also the presence of a centrally oriented system of regional scale faults in the crust difficult to explain. Meanwhile, there are hypotheses that give a clear physical model of the origin of such structures and directly pointing to energy sources for their formation. For example, in AA Barenbaum's model [21] the impact formation of deep sources of the majority of active intraplate structures is supposed, that is based on the physical phenomena of accumulation and "inelastic impact". The appeal of this model is not only in availability of numerous physical and theoretical bases [22, 23] , but also in the fact that not denying the endogenous mechanisms accepted in geology (magmatic diapirism, mantle plumes, hot-spots, etc. [24] ), it supplements such mechanisms with a new energy component. The enormous kinetic energy of an intergalactic comet due to a hypersonic shock wave overcomes the rock strata of hundreds of kilometers, is passed to plutonic rocks, causing their heating and melting, i.e., there is created a deep focus of long-lasting tectonic and magmatic activity with a reserve of energy for millions of years.
Is the author's opinion, the data, obtained by means of the GIS-ENDDB, is best suited to this model. In this case, the super-regional lineaments of seismicity (see Figure 2c ) associated with "seismic nails" can be interpreted as derivatives of the initial impact, generating the structure of a "broken plate" (in terms of "shock-explosive tectonics" [25] ). This structure is activated by deep source processes, molten by the comet energy and by other geological processes, including the ones causing a relative movement of plates and agglomerates, which are described in the plate tectonics concept [26, 27] .
Let us note that in the geomorphological, geophysical, and mineralogical studies of recent years a number of authors have accumulated a considerable amount of material for classification of a number of ring structures of disputed origin as the category of complex multistage ring structures (impact-magmatic, impact-hydrothermal, impact-metamorphic, etc.) [25, [28] [29] [30] [31] [32] [33] . Moreover, in the catalog of impact structures of the Earth [4] , for an overwhelming number (83 %) of the confirmed (plausible and probable) structures with 100 ≤ D ≤ 1000 km, these or other geological manifestations of the volcanic and tectonic activity was marked.
Thus, the complex geomorphology of disputed geodynamic zones may also be associated with a complex multi-stage genesis, including various exogenous and endogenous geological processes. Summarizing the above arguments and continuing the analysis of data on the Pamir Hindu Kush seismic focal zone, we take into account the following:
• a possible depth of 100-350 km (reaching the asthenosphere) of a magma chamber formation due to the comet impact (according to the "galactic" hypothesis [34] ),
• the circular nature of a positive gravity anomaly over the PHKS zone (see Figure 2e ), belted by an area of submerged ring of D ∼ 300-350 km (including the seismic-prone Tajik depression) (see Figure 2a) , as was noted in the gravity of many proven impact structures (see Figures 2f and 2g ),
• a tail-shape stretch of seismic activity cloud on the map (see Figure 2a ) (along the deep Bartang-Pshatsk fault),
• an inclined stretch (with a depth increasing in the direction from NE to SW) of a seismicity cloud in vertical (see Figure 2b ),
• the presence of a probable large astrobleme "Taklamakanskaya" (D = 300 km) [4, 25] (one of the largest deserts in the world) at the NE end of the seismicity cloud (marker T in Figure 2a ),
• the central-oriented "broken plate structure" detected by lineament constructions with the center in the PHKS zone (see Figure 2c ),
• the presence of an intensive heat flow anomaly falling onto the beginning of the sloping Pamir Hindu Kush "tectonogen" [2] .
Based on the above, we can assume the existence in this region of a track and subsurface response to the cometary impact action.
Let us note that the last comet showers of "medium intensity" as estimated in [21] could be about 5.0-0.7 million years ago, between Neogene and Quaternary. On the other hand, the recovery of orogenic movements of the intra-Asian mountain belt (including the PHKS zone and the Baikal rift zone areas) also refers to the latest time because everywhere within it, the remains of an ancient surface alignment are preserved being formed during the Late Cretaceous and Paleogene to the Late Eocene and Middle Oligocene [35] .
The geodynamic data and maps [36] may indicate to a possible existence of a deep source of tectonic activity in the PHKS zone, showing the presence of a large active block of Early Precambrian basement (older than 1.6 Ma) along the whole deep seismicity tail, repeating in its configuration the PHKS zone [2] . This combination can testify the uplift of this area as a result of the deep volcano-tectonic activity through the centuries and material addition.
The analysis by means of the GIS-ENDDB tools of time distribution of parameters of focal mechanisms (see Figure 3b) shows a high prevalence of uplift shifts: from 70 to 100 % of the total number of definitions for events deeper than 100 km (last graphic in Figure 3b ). This can also speak about the phenomenon of "swelling" the solid surface of the planet, to which A.A. Barenbaum in his model refers as to a tectonic consequence of the galactic comet fall [23, p. 134] .
The activation identified in the radial structures surrounding the Pamir Hindu Kush "seismic nail" (see Figure 2c ) appears to be controlled by this source (also being complicated by the collision processes) and can have various activities at different time epochs.
Conclusion
The above example of using the GIS-ENDDB tools shows how wide and varied the range of the scales of geodynamic tasks, which this system can solve, as.
The comparative analysis of geodynamic features of different regions may be the key to understanding the causes of global geodynamic processes, such as not fully studied geodynamic phenomena of our time, for example, the seismic focal zone of the Pamir Hindu Kush. After comparing the data of studying this area [15, 26, 27] with available information of the other regions, as well as with the "comet-galactic" hypothesis [21, 23, 34] , its cosmogeneous nature was assumed. Assuming the impact formation of a radial fault system in the most "fragile" top layer of the Earth's crust as well as of the magma chamber in the mantle, leading to the post-impact tectonic activity, it is possible to agree on the whole aggregate of geo-information, geological and geophysical data for this area, supplementing the existing hypotheses of its formation.
Thus, due to the created tools, it is possible to simultaneously consider the data of geophysical observations, remote sensing, and catastrophic events catalogs for finding the new structural elements of different geological nature, for their comparison and comprehensive analysis.
